New steroid glycosides, hylodoside A (1) and novaeguinoside Y (2), along with previously known polyhydroxylated steroids (3-7) were isolated from the ethanolic extracts of the starfish Leptasterias hylodes reticulata and Culcita novaeguineae (juvenile). The structures have been elucidated using 1D and 2D NMR spectra ( 1 H, 13 C, DEPT, COSY-45, 1D-TOCSY, HSQCGP, ROESY, HSQC and HMBCGP) and mass spectrometry. Compound 3 was shown to inhibit the growth of Staphylococcus aureus up to 10% from the control at a concentration of 1 mg/mL. Steroids 1, 2 and 5 showed moderate hemolytic activity in the mouse erythrocytes assay. Compounds 3, 4 and 6 displayed pH-depended hemolytic properties.
Starfish are a particularly rich source of structurally unique and biologically active steroids, including steroid glycosides [1] [2] [3] . According to chemical structures, they may be subdivided into three groups: asterosaponins, cyclic steroidal glycosides, and glycosides of polyhydroxylated steroids. Asterosaponins, characteristic oligoglycoside secondary metabolites from starfish, continue to attract attention because of their structures and biological activities. They have related aglycons, containing various side chains. Carbohydrate moieties of asterosaponins differ from each other in their monosaccharide compositions and sequences, but are characterized by similar architecture with, predominantly, one branch line at the second monosaccharide unit. This, along with the variety in the aglycon side chains, provides a diversity of these glycosides.
Continuing our study of biologically active steroids from starfish [4] , we have examined the steroids present in Leptasterias hylodes reticulata, collected from the Sea of Okhotsk, and Culcita novaeguineae (juvenile), collected in the Seychelles area.
The ethanolic extracts of the starfish were treated according to the previously described procedure [4] , including column chromatography on Teflone powder (Polychrome-1, Russia), Si gel, Florisil, and Sephadex LH-20 to give several fractions containing steroid compounds. Subsequent HPLC on columns with Diaspher-110-C 18 , Zorbax Bonus-RP and YMC-Pack ODS-A resulted in the isolation of the new asterosaponin hylodoside A (1) from L. hylodes, and the new steroidal diglycoside novaeguinoside Y (2) from C. novaeguineae, along with previosly known steroids 3-7. . Earlier, a steroid with a side chain structure containing this double bond and ketone group was reported as an artifact, generated from thornasterol during acid hydrolysis of the asterosaponins from the starfish Asterias vulgaris [5] and Acanthaster planci [6] . The E-configuration of the 20(22) double bond of 1 was determined on the basis of the chemical shift value of C-17 [6] . We observed the signal in the spectrum of 1 at δ 59.7, in close agreement with the resonance of C17 in (20E)-cholesta-5,20(22)-dien-3β-ol. Based on all these data, supported by ROESY cross peak H─C(22) / H β ─ C(16), and 1 H- 1 
-18, and 2H-24 ─ 3H-26,27 proton sequences (marked by bold in formula 1), (20E)-6α-hydroxy-23-oxo-5α-cholesta-9(11),20(22)-dien-3β-yl 3-Osulfate was established as the aglycon of 1, with the glycoside linkage at C (6) . HMBC and NOESY data confirming this conclusion are given in Table 1 Chemical shifts and coupling constants of these signals suggested β-anomeric configurations. The presence of three 6-deoxy-sugar units was supported by three [3] showed the corresponding proton and carbon chemical shifts, as well as coupling constants of the terminal quinovose unit and disaccharide sequence Fuc-(1→2)-Gal-(1→4)-identical in both the spectra of 1 and 1a. From 13 C NMR signals of the oligosaccharide moiety of 1, we have subtracted those due to the terminal Qui 5 , the internal Qui 1 and the fragment Fuc-(1→2)-Gal-(1→4). The remaining signals were consistent with those of a 2,4-disubstituted glucose residue. The 1 H NMR spectrum of 1 also showed characteristic signals of the 2,4-di-O-methyl-β-Dglucopyranosyl unit, frequently encountered earlier in asterosaponins from starfish [7] . The cross-peaks between C 4 -Glc 2 and H 1 -Gal 3 , and between H 2 -Glc 2 and C 1 -Qui 5 ( Table 2) in the HMBC spectrum have confirmed the presence of 2,4-disubstituted glucose in 1. Furthermore, by interpretation of the HSQC data of 1 we observed that C-2 (δ C 81.4) and C-4 (δ C 80.9) of the glucose unit were shifted downfield (α-effect) by 6.3 and 9.0 ppm, respectively, in comparison with spectra of glucopyranose, as expected for the corresponding glycosidation shifts [8] . Conversely, C-3 (δ C 75.6) and C-5 (δ C 76.8) were shifted upfield (β-effect) by 2.1 and 1.7 ppm with respect to the reference data for glucopyranose [9] . All these data allowed us to establish the presence of a 2,4-glycosylated β-Dglucopyranosyl unit in hylodoside A.
The 1D TOCSY experiment clearly showed the sequential correlations for the H-1 to H-6 spin system of Qui, for the H-1 to H- 11), 20(22)-diene-3β-yl sulfate. The carbohydrate structure of 1 is related to the corresponding structures of some previously known asterosaponins [2, 3] . The deviation is that a xylose unit was replaced by a glucose unit in 1. Nevertheless, the carbohydrate chain structure of hylodoside A is reported in asterosaponins for the first time.
The molecular formula of novaeguinoside Y (2) Table 3 ) with those of halityloside H (2a) from the starfish Halytile regularis [10] showed that the chemical shifts of the aglycon signals and those of the terminal 2,4-di-O-Me-Xyl unit were identical in both spectra. The 1 H-1 H COSY showed cross-peaks indicating sequences of protons from C-1 to C-7, C-9 to C-18 through C-11, C-14 to C-17, C-20 to C-21, C-22 to C-29, C-1 ' to C-4 ' , and C-1 '' to C-4 '' . These sequences are marked in boldface type in the formula of 2.
The 20R-configuration was assumed on the basis of the chemical shift of H 3 -21 [10] , and the configuration 24R was assigned on the basis of comparison of the 1 H and 13 C NMR spectral data with those of 29-hydroxylated model compounds [11] . In the HMBC spectrum of 2, a cross peak between C-29 of the aglycone and H-1 ' of 2-O-Me-Xyl indicated that the disaccharide unit was connected with C-29 of the aglycon. (Table 3 ).
The sequence of monosaccharides in the carbohydrate chain was confirmed by ESI-MS. Thus, the fragment , compounds 1, 2, 4-7 were inactive at the maximal studied concentration of 1 mg/mL. Compound 3 was shown to inhibit the growth of S. aureus up to 10% in comparison with the control at this concentration. All compounds exhibited moderate hemolytic activity except for 7, which was inactive at a concentration of 100 μg/mL. Compounds Steroid glycosides from the starfish Natural Product Communications Vol. 5 (11) 2010 1741 3, 4 and 6 displayed pH-depended hemolytic properties, these being more pronounced in a medium with an acidic rather than a neutral pH. Compound 4 was the most active ( EC 50 of 5.5 μg/mL at pH 6.0).
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